ABSTRACT -The experiment was carried out to evaluate the performance and body development of beef heifers reared from 15 to 18 months of age on Pearl millet (Pennisetum americanum), Alexandergrass pasture (Urochloa plantaginea) or native pasture invaded by Annoni-2 grass (Eragrostis plana Nees). The experimental design was completely randomized following a repeated measure arrangement, with three treatments and two replications. The grazing method was continuous with variable stocking rate in order to maintain the sward height at 40 cm. Masses of leaf, stem and dead material, crude protein and neutral detergent fiber were similar between Pearl millet and Alexandergrass. Average daily gain, stocking rate, live weight gain per hectare, body weight, body condition score, weight-to-height ratio and reproductive tract score of the heifers kept on annual summer pastures (Pearl millet or Alexandergrass) were superior, compared with the heifers on Annoni-2 grass pasture.
Introduction
The percentage of heifers from 2 to 3 years of age in the cattle herd of Rio Grande do Sul (RS) is 7.6%. It corresponds to around 960 thousand heads which should be inserted into the breeding herd (Anualpec, 2009) . The average density of animal units per hectare, in RS, is 0.99 (SEBRAE, SENAR, FARSUL, 2005) . As one heifer of this age is equivalent to 0.65 animal units, usually around 626 thousand hectares of pasture are used to keep animals of this category; however, the goal of calves producing is not reached.
The inefficient results described above are the consequence of an inadequate food intake by heifers from weaning to 24 months of age and, which result in mating ages over 28 and 30 months and then low reconception rates as primiparous cows (Gottschall & Lobato, 1996) . In this context, the mating of heifers at 18 months of age may be an alternative to improving rates of reconception in primiparous cows, since adequate heifers' growth before the mating season are provided. The first calving interval is approximately 540 days and the next primiparous mating is at 36 months of age, without lactation.
From the point of view of ecological and economic management it is desirable to have animals grazing throughout the year. The challenge is to achieve a weight gain during the heifer rearing that allows their mate at 18 months of age. The native pasture, when properly managed, can enable reasonable weight gain with relative low cost (Moojen & Maraschin, 2002) . Nevertheless, in Annoni-2 grass invaded areas limited animal performance can happen (Rocha et al., 2004) .
The tropical grasses usage has been exploited in order to allow more intensive beef cattle production systems. Among the alternatives, Pearl millet (Pennisetum americanum), as well as Alexandergrass (Urochloa plantaginea), can be exploited in areas with agriculture integration.
This experiment aimed to evaluate the relationship among structural attributes of pasture, chemical composition of the grass, animal performance and development of reproductive structures of beef heifers when reared from 15 to 18 months in summer annual forage species (Alexandergrass and Pearl millet) and native pasture invaded by Annoni-2 grass.
Material and Methods
The productive performance and body development of beef heifers on Pearl Millet (Pennisetum americanum), Alexandergrass (Urochloa plantaginea) or native pasture invaded by Annoni-2 grass (Eragrostis plana Nees) were evaluated in an experiment carried out at the Universidade Federal de Santa Maria, located in a physiographic region of Rio Grande do Sul, Brazil, called Depressão Central. The climate in the region is a Cfa type according to Koppen classification. The soil of the experimental area is classified as Paleaudalf (EMBRAPA, 2006) .
The pasture utilization occurred from January 28 th to April 22 th , 2006, totaling 84 days. The experimental field occupied an 11-hectare (ha) area segmented in 1.5 ha of Pearl Millet; 1.5 ha of Alexandergrass and 8 ha of native pasture invaded by Annoni-2 grass with two divisions by species, which constituted the experimental units, and a reserve area of 1.5 ha. The Pearl Millet was sown on December 23 th , with minimum soil tillage using a mechanical planter. Alexandergrass was established by two disking on December 14 th . Paddocks received 330 kg/ha of fertilizer 05-20-20 (N:P:K) and 45 kg of nitrogen/ha in urea form, on January 31 st and February 20 th .
The forage mass was determined by the direct visual estimation method with double sampling (Gardner, 1986) and the canopy height, considered as the distance from the ground to the height of folding leaves (cm), was measured in the same occasion, in 20 readings/experimental unit. The grazing method was continuous with variable number of animals (Heringer & Carvalho (2002) in order to keep the sward height in 40 cm.
Clip samples to determine dry matter and botanical and morphological composition (leaf blade, stem, dead material) were clipped at ground level and the manual separation of these components was made. Samples were oven-dried to a constant weight (at 65 o C for 72 hours). The percentage of each component (leaf blade, stem, dead material) was calculated and afterwards the masses of leaf blade, stem and dead material, in kg/ha of dry matter were determined.
Other pasture evaluations were carried out at the beginning and the end of each 21 days period. The leaf/stem ratio was estimated by dividing the leaf mass/stem mass and was expressed in kg of dry leaf/kg of dry stems. The rate of herbage accumulation (kg/ha/day of DM) was estimated by using three exclusion cages located in each paddock. The total production of dry matter per paddock was estimated by the sum of production in each period (daily accumulation rate x days in the period) plus forage mass at the beginning of the grazing period.
The forage losses were determined by the methodology proposed by Hillesheim & Corsi (1990) . The forage disappearance (kg of dry matter/ha) was calculated according to the equation: (disappearance of forage = total production of dry matter-forage mass at the end of grazing-forage losses) and when the result was divided by the period number of days resulted in daily forage disappearance. The efficiency of pasture utilization was calculated by the following equation: (daily disappearance of forage/total production of dry matter)*100, expressed as a percentage.
The crude protein, neutral detergent fiber and dry matter values were determined in hand-plucked samples of forage (Euclides et al., 1992) . Samples were analyzed according to procedures described by the AOAC (1995) and presented as a percentage.
In five occasions (01/28, 02/17, 03/10, 03/31 and 04/21) in each experimental unit, the vertical structure of the pasture was evaluated in three areas representing the desired sward height. Sampling was carried out using 1 m 2 squares where the herbage was cut considering four strata: 0-15 cm, 15-30 cm, 30-45 cm and above 45 cm from the ground. All forage mass within the same strata was cut and weighted and, in the same experimental unit, samples were taken by strata and separated into stem plus leaf sheath, leaf blade and dead material components. These values were expressed as a percentage and multiplied by the value of the herbage mass of the period. The herbage bulk (kg/ha/cm DM) was calculated by dividing the observed weight (kg dry matter/ha) by 15 cm.
In each experimental unit, four tester Polled Hereford heifers remaining, with an initial age and body weight of 15 months and 278±20.0 kg, respectively, and similar breeding heifers were used on a put-and-take basis throughout the grazing season to maintain the sward at the desired height. All animals were allowed free access to water and mineral salt, and were weighed at the beginning and end of each experimental period after 12 hours fasting.
The stocking rate, kg/ha of live weight, was calculated according to the equation: [mean live weight of testers + (live weight of animals used for adjustments in the stocking rate*number of days at experimental unity)/days of trial period]. The value was divided by 450 kg to determine the stocking rate, expressed as animal units per hectare. The forage allowance was calculated as follows: {[(forage mass/ 21 days) + daily rate of accumulation of DM]/stocking rate}*100. The daily forage disappearance, described previously, was divided by the stocking rate, multiplied by 100 and called agronomic daily forage intake as a percentage of body weight (Jamieson & Hodgson, 1979) .
The average daily weight gain (kg/animal/day) of the heifers, in each experimental period, was calculated as the weight difference between two consecutive weight dates and divided by the number of days in the period. In the weighing time the animals were submitted to the subjective evaluation of body condition score (Lowman et al., 1973) , considering the body condition score from 1 (very thin) to 5 (very fat). Dividing the average stocking rate by body weight of the tester heifers in each treatment, the average number of animals per hectare was obtained. Multiplying this value by the average daily weight gain of tester heifers the weight gain per unit of area, in kg/hectare of body weight, was estimated.
The physical development of heifers was measured by wither height (BIF, 1996) , using a ruler, for subsequent calculation of the weight/height ratio. To assess the reproductive structures development of heifers were considered: pelvic area and reproductive tract score. The pelvic area was determined rectally using a pelvimeter. The height was determined by measuring the linear distance from the approximate midpoint of the top surface of the symphysis pubis to the bottom surface of the midsacrum. Pelvic width was measured as a linear distance between the shafts of the ilea at the right angles to where the height was measured. The pelvic area, in cm 2 , was calculated by multiplying the height by the width of the pelvic region. The gain in the pelvic area was calculated as the difference in the pelvic area at 04/22 and 01/28 and divided by the number of days of the experiment. The reproductive tract score was determined at the beginning and end pasture utilization, using a 5-point scale, according Anderson et al. (1991) methodology.
A completely randomized design following a repeated measurement over time was used, with three treatments, two area replication and four testers by area replication. Data were subjected to analyses of variance and F test at 5% of significance. The means were compared using the PROC Mixed and composed symmetry structure of covariance (Statistical Analysis System, version 8.2). Polynomial regression was performed by PROC GLM procedure, considering the period (X = days) variable, correlation test by CORR procedure and multiple regression by STEPWISE procedure (Forward = 0.05). The following mathematical model was used to analyze the parameters studied: Y ijk = μ + T i + R k (T i ) + P j + (TP) ij + ε ijk ; where Y ijk = dependent variables; μ = mean of all observations; T i = effect of i th forage specie; R k (T i ) = effect of k th replicate within the i th treatment (error a); P j = effect of j th period; (TP) ij = effect of i th forage specie × j th period interaction; ε ijk = experimental error l (error b).
Because of the similarity (P>0.05) obtained in Pearl millet and Alexandergrass related to the body weight, body condition score, average daily weight gain, stocking rate, weight gain per area, reproductive tract score, weight/ height ratio and pelvic area variables these data became part of the treatment called 'summer annual species' and were used to test contrasts for comparison to the 'Annoni-2 grass'. The reproductive tract score was compared by chisquare test. Analyses were performed by the statistical program SAS (Statistical Analysis System, version 8.2).
Results and Discussion
The participation of leaf blades (24.5 vs. 22.7%), stems (42.0 vs. 40.6%) and dead material (10.9 vs. 10.4%) in the forage masses of Pearl millet and Alexandergrass, respectively, were similar. The botanical composition of native vegetation characterizes it as invaded by Annoni-2 grass, with 49% participation of this specie (33.1% of leaf blade; 15.9% of stems; 44.5% of dead material). Even though the leaf blades percentage was on average 9.5 points higher in Annoni-2 grass, in forage as grazed was observed neutral detergent fiber of 69.9% and crude protein of 4.6% (Table 1) .
These values characterize Annoni-2 grass as lowquality forage (Clark & Kanneganti, 1998) with observed content of neutral detergent fiber considered limiting for dry matter intake by cattle as well as the crude protein content that is critical for the ruminal microbes' survival (Van Soest, 1994) .
The content of neutral detergent fiber and crude protein in Pearl millet and Alexandergrass (P>0.05) forage as grazed were 53.2 and 18.1% (Table 1) , respectively, characterizing these species as a good quality forage (Clark & Kanneganti, 1998 There was a difference (P<0.01) in the contrast analysis between annual summer species and Annoni-2 grass (Table 1) for sward height, leaf blade, stem and dead material masses and crude protein, neutral detergent fiber and dry matter percentage in forage as grazed. The sward height was greater in natural pasture invaded by Annoni-2 grass, due to the difficulty of heifers in lowering the sward to the previously established level, probably caused by the high strength required for breaking the leaves of Annoni-2 grass (Carlotto et al., 2008) .
The chemical composition of the forage as grazed in summer annual grasses and Annoni-2 grass can be partially explained by the sward vertical structure (Table 2 ). In Annoni-2 grass the leaf blade bulk density was concentrated in the 0-15 and 15-30 cm stratum, making it difficult to be accessed by grazing animals (Montagner et al., 2008) . Also, greater dead material bulk density was observed in the same stratum, which increases the difficulty in harvesting leaf blades. In annual summer grasses was observed lower leaf blade and dead material bulk density in the 0-15, 15-30 e 30-45 cm stratum when compared with Annoni-2 grass (Table 2) , allowing the heifers to harvest forage with lower levels of neutral detergent fiber and richer in nitrogen (Table 1) .
Regression analysis for forage bulk density as a function of days of pasture utilization showed that the leaf blades bulk density of annual summer species and Annoni-2 grass did not fit either to linear or quadratic model in the 0-15, 15-30, 30-45 and above 45 cm stratum. The dead material bulk density increased linearly for the 0-15 cm (Ŷ = 0.55 + 0.612x; r 2 = 0.72; P<0.0001) and the 30-45 cm (Ŷ = 3.44 + 0.045x; r 2 = 0.80; P<0.0001) stratum and was adjusted to a quadratic model for the 15-30 cm stratum (Ŷ = 1.48 + 0.03x + 0.001x 2 ; r 2 = 0.51; P = 0.0093). In Annoni-2 grass, the dead material bulk density increased linearly in the 0-15 cm (Ŷ = 78.49 + 1.54x; r 2 = 0.86; P = 0.0010) and the 15-30 cm Ŷ =16.76 + 0.566x; r 2 = 0.76; P = 0.0049) stratum and did not fit to tested models in the 30-45 cm stratum.
The forage allowance was similar (P>0.05) in Pearl millet and Alexandergrass, with a mean value of 13.4 kg of dry matter/100 kg of live weight, and this value is close to the 10-12 kg of dry matter/100 kg of live weight recommended by Sollenberger & Burns (2001) as being the optimal value for summer forages. In Annoni-2 grass the forage allowance was not determined, since it was not possible to calculate the forage accumulation rate, due to the large proportion of dead material in the sward (Table 1) .
The total forage production was similar (P>0.05) for Pearl millet and Alexandergrass, with mean value of 15,917 kg of dry matter/hectare. This is a noteworthy production potential of Alexandergrass, considering the fact that is a spontaneous species in crop areas. The forage losses did not differ (P>0.05) between annual summer species, with the mean value of 3,360 kg of dry matter/ hectare during the experimental period, corresponding to 1.9% of live weight/day. These values are close to the values observed by Heringer & Carvalho (2002) in Pearl millet, 1.5% of live weight during January and February and 3% of live weight during March and April.
The efficiency of pasture utilization was 66.9% for Pearl millet and Alexandergrass which fits within the range of efficiency (33-90%) described for tropical forage species (Silva & Nascimento, 2007) . The management adopted in the pastures, 40 cm of the sward height, is determinant of its proper utilization and subsequent conversion of forage into animal product.
At 15 months of age, heifers presented live weight and body condition score of 277.8±1.5 kg and 3.2±0.1 points, respectively. This weight corresponds to 59.5% of a mature weight of Polled Hereford cows (467 kg (Fox et al., 1988) . To reach 65% of their mature weight, considered as a percentage of reference to the manifestation of puberty (NRC, 1996) , further addition of 5.5% (25.8 kg) would be required during the grazing season. The performance of heifers kept in summer annual pastures, from 15 to 18 months of age, showed positive linear regression of body weight (Ŷ = 278.3 + 0.632x; r 2 = 0.90; P<0.0001) and body condition score (Ŷ = 3.12 + 0.003x; r 2 = 0.45; P = 0.0012) with days of pasture utilization. The weight gain during the rearing of these heifers allowed them to present body weight corresponding to 70.7% of mature weight (26.5 kg more than recommended) at 18 months of age (Table 3 ) and body condition score above 3 points, value considered by Barcellos (2001) as a minimum score for heifers to manifest puberty.
In Annoni-2 grass, the body weight of heifers fitted to a quadratic regression model (Ŷ = 277.5 + 0.970x -0.011x 2 ; r 2 = 0.85; P = 0.0013) and also the body condition score ( Ŷ = 3.25 + 0.007x -0.0001; r 2 = 0.77; P = 0.0055). The body weight of heifers reached its maximum value, 298.9 kg, at 44 days of Annoni-2 grass utilization, corresponding to 64% of mature weight. In that occasion, their body development was close to the target weight recommended for mating. In earlier date, however, on the 35 th day of pasture use, heifers had reached their point of maximum body condition score (3.4 points) and then, at their maximum weight, the heifers in Annoni-2 grass were already using their body reserves.
Cattle can use their body reserves as an energy source to maintain the average daily weight gain and to keep their body development and the loss of 0.5 points in body condition score in heifers at that stage of development, corresponds to 180 Mcal of net energy.
From the 35 th day until the end of pasture utilization, the heifers kept in Annoni-2 grass pasture mobilized body fat corresponding to 3.7 Mcal/day (0.5 points of body condition score). This mobilized energy corresponded approximately to 50% of net energy requirements for Polled Hereford heifers' maintenance in their rearing phase from 15 to 18 months, which is 7.5 Mcal/day (NRC, 1996) . At 18 months of age the body weight observed in heifers corresponded to 61.7% of mature weight and body condition score was below 3 points (Table 3) . These values are not considered suitable to begin the beef heifers mating.
The combination of greater stocking rate, allowed by its greater daily forage accumulation (P<0.01), and daily weight gain obtained values in summer grasses resulted in greater (P<0.01) weight area gain in relation to native pasture invaded by Annoni-2 grass (Table 3 ). In summer annual species the weight gain per area was 20 times higher than the gain provided by Annoni-2 grass (Table 3) , although when compared to Pearl millet potential of production, the weight gain per area was 449 kg lower than the observed by Montagner et al. (2008) .
The animal performance variables have been differently explained through multiple regression analysis for annual summer pastures and Annoni-2 grass (Table 4) and these results may help to establish management goals for heifers rearing in these different pastures.
In the summer annual species, the average daily weight gain was explained in 37% by a positive leaf/stem ratio and by the dry matter content in 15%. The partial regression coefficients showed that the leaf/stem ratio is 40.3% more important than the dry matter content in explaining this variable. The highest proportion of green leaves increases the digestibility and passage rate of forage consumed and, therefore, the diet quality (Minson, 1990 ) and the highest amount of leaves was observed at the beginning of the pastures utilization (Ŷ = leaf/stem ratio = 1.0 -0.009X; r 2 = 0.76; P<0.0001).
In Pearl millet, the dry matter content was 18% and probably caused restriction of forage intake (Alberto, 1997) , providing lower intake of nutrients. In this way, it would explain the positive effect of dry matter content on the heifers' average daily weight gain (Table 4) .
Together, the forage allowance and leaf mass explain 89% of the stocking rate, and forage allowance had 68.4% more influence on the stocking rate than the leaf blade mass. The stocking rate is negatively explained by forage allowance Table 3 -Probability of contrast between annual summer species and Annoni-2 and mean values of final live weight (kg), body condition score (1-5), daily weight gain (kg/animal/day) of beef heifers, stocking rate (animal unit/ha) and weight gain per area (kg/ha of live weight) in 52% and it is expected that a greater forage allowance correspond to a lower stocking rate (Mott, 1973) . The leaf mass explained 37% of the stocking rate in a positive way (Table 4) and it is certainly related to the photosynthetic role of leaf blades that will determine the positive change in herbage accumulation rate and, hence, in the stocking rate (Quadros & Rodrigues, 2006) . The daily weight gain and weight gain per area for heifers kept in Annoni-2 grass pasture were 85% negatively explained by the stem mass. The stems generally have lower quality than leaves. Brüning (2007) observed in Annoni-2 grass levels of neutral detergent fiber of 79 vs. 76% (P<0.05) and crude protein of 5.2 vs. 8.6% (P<0.05) for stems and leaf blades, respectively.
The crude protein level explained 10%, in a positive way, the weight daily gain. In the forage as grazed, the crude protein level was less than 7% (Table 1 ), the critical level at which nitrogen begins to limit intake of feed by heifers (Van Soest, 1994) . The importance of the nitrogen supply for heifers kept on Annoni-2 grass can be evidenced by the increase in average daily weight gain of 0.249 to 0.418 kg/day when extra nitrogen, in form of protein salt, was supplied to grazing animals (Brüning, 2007) . For beef heifers kept in Annoni-2 grass pasture, the partial regression coefficients indicate that the stem mass was 173.5% more important than crude protein level for weight daily gain variation.
The body development measured by hip height and pelvic area was similar (P>0.05) at 18 months (Table 5) , even if the heifers kept in summer annual pastures have had a greater average daily weight gain during their rearing (Table 3 ). This can be explained by the development trajectory of these animals, which in both forage alternatives had presented, in early March, body development near the target considered ideal for mating.
The greatest weight gain of heifers kept in the summer annual pasture has given them, at 18 months of age, a positive difference of 41.7 kg in body weight when compared with heifers kept on Annoni-2 grass. It was reflected in greater weight/height ratio and reproductive tract score (Table 5) . For heifers mating, the reference values for weight/height ratio (Fox et al., 1988) and reproductive tract score (Anderson et al., 1991) are 2.6 kg/cm and 3.0 points, respectively, and it was not obtained in heifers reared on Annoni-2 grass.
When Polled Hereford heifers were reared on natural pasture, from 13 to 18 months of age, with average daily weight gain of 0.595 and 0.723 kg/day and reproductive tract score of 3.0 and 3.9, respectively, this performance resulted in pregnancy rates of 30 and 50%, respectively (Montanholi et al., 2004) . The weight/height ratio at 18 months of age of heifers grazing summer annual species was higher than the suitable ratio (Fox et al., 1988) for beef heifers' manifestation of puberty. The observed values for heifers in Annoni-2 pasture were below the recommended and similar results were obtained by Pötter et al. (2010) , for heifers reared from 14 to 18 months in Annoni-2 grass pasture which showed live weight of 285 kg at 18 months of age.
The reproductive performance of beef heifers is determined by physiological changes that occur along the body development, and it must occur homogeneously (Patterson et al., 1992) . The hip height and pelvic area were similar for heifers grazing annual summer species and Annoni-2 grass; however, differences in the reproductive tract score and weight/height ratio were observed (Table 5 ).
The purpose of mating heifers in the fall, using 65% of mature weight as a goal is questionable, from the data obtained. In the spring, when this target is used for mating heifers at 12-14 months, the pregnancy rate is satisfactory. This is because the heifers' nutritional requirements are met during mating season, when they are exclusively on pastures (Rocha & Lobato, 2002) , like native pastures improved by the introduction of perennial legumes such as white clover (Trifolium repens) and birdsfoot trefoil (Lotus corniculatus). However, from 18 to 20 months old, during the breeding season in May/June, the native pasture species have already ceased their growth since March/April (Soares et al., 2005) and most temperate forages are being established. Thus, there is an interval of variable duration over the years until the beginning of winter forages utilization when it can only be expected that grazing heifers not have weight gain. This weight gain, in the period before mating, is important for beef heifers' high pregnancy rates (Barcellos & Lobato, 1997; Montanholi et al., 2004) .
Conclusions
The structure and chemical composition of Pearl millet and Alexandergrass pasture are similar when they are managed at 40 cm sward height. Beef heifers reared from 15 to 18 months in Pearl millet and Alexandergrass have higher productive performance and reproductive structure development at 18 months of age. The rearing of heifers in native pasture invaded by Annoni-2 grass does not provide the adequate development of these variables and it is not recommended when the objective is their mating between 18 and 20 months of age.
